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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE THEREOF 

(57)Abstract: 

PURPOSE: To suppress the amount of heat which is generated in the parts, 
wher to external electrodes do not apply in an ON-state. and to decrease a 
leakage current in an OFF-state by a method wherein the relation between 
the r spective carrier lifetimes in first regions in contact with electrode 
plat s, second regions between the end parts of the electrode plates and 
the end parts of a semiconductor substrate and third regions, which 
r spectively encircle the second regions and respectively are in contact 
with the surfaces of the end parts of the substrate, is specified. 
GONSTTTUTION: Low lifetime regions 1 1 are respectively provided on the 
outsid s of regions with which an upper intermediate electrode plate 35 and 
a lower intermediate electrode plate 36 respectively come In contact High 
lifetime regions 12 are respectively provided evenly on the outsides of the 
r gions 11. As the end surfaces of a semiconductor substrate subjected to 
b V ling work are respectively located at the regions 1 2. a leakage current 
in an OFF-state is reduced, the amount of heat, which is generated in the 

nd parts of the substrate, is decreased and the breakdown strength of the 
substrate is improved. Moreover, as the regions 1 1 are respectively 
int rp sed between the operating regions, with which the intermediate 
1 ctrode plates are in contact, and the regions 1 2, a current does not 
xt nd from the operating regions to the end part regions of an element, 
with which the intermediate electrode plates are not in contact, in an ON- 
Stat . 
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(2) 

1 

WU. 

tffll*JB4] -»©*Sffira»CpnSS^*Wr«¥»«: 

sfr^ipfflTsm 1 ©xet, 

i|i3S^|:S**:©S^BIC«ffi*ffi?iarr-l>IB 2 ©XSt, 

tiS*JB5] -^©i^ffiratcpns^swr^*^^** 50 
s«:**wi-r«» 1 ©XSt. 

•f i»*«<-r5JB3.©xsi, s^firrsjit&waiir 
«ifi^«:sia©fiie*s. 

Cif:*JS6] -^©£affiretpn«fe-&*wr«.*«*^ 
sft«iMrrs» 1 ©xst. 

¥'3f#S#:©*^®lcmffiS:)^^2.^ 2 OXig 

A.:et#c«tt«®«Bti|s»«tS«t<o«fflt©WJ::«lrB 40 

•r-5m«®=*^¥ U r'^'-f Ai^MHSr-S^ 3 ©X® 

&%-r<&rt*«fai:-r«*»*t^B©iiji;5ji. 

[^^©f^fliJ^BIi^] 

[0 0 0 1] 
[0 0 0 2] 

[?ESE©a?i5] -use, «*ffl¥3i«i:SBT?tt. ^mm 



1$BB¥8-1 1 6 0 4 7 

2 

38^-r-Sa»ro^T©«ffiK:«UT«tt*Ett-r* H t 

tt, ttSBs. ¥»flsg;it'©4#»:*^ff£»IE$-a-^>fc* 

n6©/'<5''y— v'JcteViTH, J»©S!^iti-CS>5#¥fli: 

©i«»»*«tcakv>. 

[0 0 0 3] tifoT. C©J:'5;a:E»S!/^'>^r->72:ffl 
V»*tJe*©«:^ffl#«#:^SKtt. ifeJftWSEiUT, ^1- 
a«ai*»¥5»ff S»:C S&-&»^^©lii«*tT# i :#c 
# < 5 i 5 tctatf bfc 0 . t 
S<HbTt».5^U-:/x>(Mo)'^;?>5'::^7^> (W) Ta:^- 
©fHH8«f«Ci|£Wfl!:3|#SrH«b«:0UTV»fc. 
L, Cl©.i:'5;&:«^Tt>. J»sgS#:S#:©®rt-C*1-«5«« 
*sS&6;^V»«3*©a5^^WJi4!tl»^fi)6»£feC. ^»&*#:* 

[0 0 0 4] }lft©^^fi <£MlW-r -5^*15 tbT, it*il|sp 
3-145161 -^iifflfc83«-r-2)a;^»&^ #«flsS»:©7l' 

«i-^7JU7 T«a3ii*©»ttilliglt^S^)ll©6£S[^i'© 
>&i££ffib)T. ¥«{»:S^MF*3©i^a^Rg{e^lC. 

\i^m^\z.iiVi^^'v U 7ffl5-r -J^^J^ii 0 t>iS< 
J:5!a:5i-^&Srltfc1i:S. =:©::i:tr±r), i|i»«Ea#:© 

7 © 9 'f ^7 -f A ©Mfig ir J; 0 «SS5^ffi*t^J>?a: < ;i o T 
t^^©-C. f»©>%^S7>i«I$93n. #i||#:«T-©««W 

[0 0 0 5] 

[^Bj*i»ytLi'5i:-r-5K®] UA^b. i|i3f#:S#:© 
S8BB-e»±a«:Ccff»3!tt-CJ:««?5©»»-P. :r7«8i 

■t?©}*n««EcDiS:*ci&5l€igrb, ^'m¥mwm^-Ti(r> 

3-145161 ■^&«llCiBtt©e^fl»©«^. ¥«{!:£#©«! 

8BTfc + -\-'JT©5'f7:S'-rA*»iiT-r5.fc«)|-, 

IC *S V » T ¥««:S«:*SSST©«^«ffiE*t*ilin U T, 
!»©«*«**:*:*<«:*. Jl©fcft, ¥»*t:««T©a 
S-h#*«e ^ , iJi*<!|i:^fi8T©«n«)5it©liJ0*> & l»» 
^SigilU, SR^©K«Kfi*^«^UTbS-5tt»5ra 

[0 0 0 6] *^Bj(i±Eras;i5&*?ftt-'^<:^snfc 
gssffid^sfc &5jcv^gp^)-©s8s©5!^S£«)wr-5 ti^^ 

L;fe¥»fltse&t;;^-©Kji:&s«rti«-r2. r t icab 
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(3) 

3 

[0 0 0 7] 

[0 0 0 8] (1) -^(D±^mm\zpnm^^mn> 
^m»m»^fmr^m i oxs. 
(2) ^^ftaftco^sffirraffi&f^js-rsma^x 

[0 0 0 9] (3) 4^»ff»#:<D:^^y7^-f :7^<A 

;&^(Z>B3(Z>XS, 
[0 0 10] (a) ^^m»&mz^^^Xs ^^m»^t: 

U T^-f :7:^-f A^filSr ^» 3 CDXe. 

[0 0 11] (b) ¥«(J^S^O«gi5^MJCl8TS«« 
O^^i- U T"^^ y^^Jx^^<T^m 3 C0X8c 

[0 0 1 21 (c) *««:S«:lC*5ViT> 5(? 

[0 0 13] 

^ u 7^-r yi$^^j^7t)mmmmMr^m i 

[0 0 14] ^fc, «ffi«OiSd:^g|<^S<*:(DiffiBBi:0 

0, nmm^mm\.u\^^^m^mi¥i^mz^\.^x. :t> 
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4 

[0 0 15] *agB>eco¥»*«Btw*5ViTtt, m 

2 3 mmt. nmmtm»^^t^ i (d^^a 

r ;^t> :t >«l|{c:fe ^»f^«« tSf ^ ^ ;t «Si 
nrvi^o-c. T^-i'^^-r Aoavi:^^ 

f^«IBO^i^— Sr^i;^ C iid^^^Vi- 
LO 0 1 6] *:^WiCcfc-&*»frSBOSSUg:J^ftlCci:tl 
tf. mico««(0:*^YUT^-f 73^^^ (ri) , 112 

^(D^^y^^l^ (t8 ) ^z:^.(om»^^rz:i^rz,izt)^ 
•e€f-5o •r;^t>"6. ^30Xg;&« (a) AZf (b) <7)« 

T^, (c) CD«^(C«, i^I>;5:<<i:feri = r3:6^'^r2 
[0 0 17] 

immm^ *mm<om»m^mm\z^vum\zm 
[0 0 181 mi\z*imm<^—mmmx»^mmmi)-^ 

1. P'<~-X®2 2, n^"-7xS2 3, pX^y^S2 
4(7)4Ji«li&JCckO;a:«>. **Jfi«Ttt. 6kV£;±0 
ifJEE^mefc8S)tC, n^— X®2 3C0itg*i^ 5 0 0 Q 

• cmjg^-btuxv^^b. eiciT?, p'^-;^®2 2Rr;jpx 

5 y 1$^ B 2 4 a n ^-XB 2 3 i D "bft^^Wi^iSfl^T* 

$^tCnX^y3^B2 lHp^-;^B2 2 
^M^raiflfTa&S, nX5*:;iS^H2 1. p^-XH2 2 
tt*V-H«fli3 lRt;/'^-<D-/hi^*>rUX:$^0:^7V- 
Km«i3 2St;^^il&'9-'l'UX^cD:^y-Hmffi3 3 JCck 
Dffi^^'MlcMte^n, pX^^;/5'S2 4H7y-Hm«i 

3 4tCgSb-rv^S* :*V-H«ffi3 ni±SSil5 
WmSffi 3 5 UT±ggSffi#X h 3 7 IC, *:^c7 / 
-H«ffi3 4JiT8B*Wm«iS3 6^:fM.TTIfPm«i3}? 

xh3 siicfcOirajE^nTii^. «^«gi5ii. 
mmi&T^m±-r^rztb{z^^j\^t£tu n^ji^^—>B 

>K4 1 lCJ:0at)nTV:^;5. 

[0 0 19] *^j5S0yTH, ±SS4'Pfl«ffi«3 SRlTf 

wi'Msa^a etmti&:f^\^^^»r(D:t>vtm\z:iin 
1 > $ ^ {zity^mz^n^^mw-^wmmxcDf^nm. 

[0 0 2 0] JlcOi£^'1'r^i5'-rA®«l Iti. IM^Ni 

mffi«3 5 2^trFfi5*ra«ffi«3 6 55i«»tt-r^>««cD^i. 

^ :7 ^ ^ A (£(T*ic u 7 ^ :7 3^ A .hiar) 
±SB(^mSffi«i3 5S^cnFffi4>Rg«ffi«3 e^&^S^tt 
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5 

[0 0 2 1] ^ft. my^y^^Jxfmi 2\t. e^-r 

^^Att±fflst>w«««3 5R)crFSj«t>ia«a«3 etfi 
mmr^mm(D^^r^)T<o^<y^'iJx<o^2i6mmt 

i^st»ommffiiisy-fy^^Aimi 2\ztE^rzify. :t 
yikm\z^n^mtinmffi'pf3:<:f3:^. :Lti\z^r). ^ 

^m^^miAt^y-iyi^^ j>.m^t(Dm\z. mmi^mn 
zcortisb. :t>i^m\z^n^^mt/^:ty^m\z^n 

[0 0 2 3] 0 211, S 1 CD^]K^JCDS!]f^W^^-r. W 

mmmtm:/ii^A\t. ^^-^y^^Am^i i a)&^ p 

^-Xm2 2RV^pJi^y^m2 4:P^(0!^\zmfftZt 

Kmffi 3 4 y - FSffi 3 1 (Dm\z^^<Dm:^i^^ft 
\tm':^\^(Dm±mm^WMvrct^\z. p^-x©2 2 

^ p X ^ y ^ e 2 4 tc:fe ^^X^^mff^JKfi^ ?a: 

[0 0 2 4] ^i^ic, m2(D^mm(Dmi^:^^^mm'r 

U *y-KSffi3 l&UJTy-H«ffi3 3&t;/WD 

<D*y-Hmffi3 3^j^^K-r^ (las) « :icDm> /^v 
^-v{c»^)t*^:#^cJl^K4>w«ffi«3 siferrFSP^fpa 
«ffi«3 6)5ttt«-r«»i|i»ft:s#:rt<D««{r. m=Fm^ 
-SJcMitbT. ±SB^wmffiffi3 s^s^irfgRcfiiamffi 

i3i\^m»<oi/2i&mm\z^^. ±ia«^j6i&a«Mic 

^^OT<oy^yi^'i/^f)m<U^x\^^^(Dx. :tyik 
«i\z:^\f:s>^m»m^(Dmsii^(omnmm^^^<r^ 
cti>^x^:&. ^ft. ^-cy^^At:i&<'r^iz\tn'f' 



(4) 1*M¥8- 1 1 604 7 

CO 0 2 5] ±»4>ra«afi3 sisLirfm^mn 

^s^*iiwr^ircae)CDffi^^73^-rAffi«i Kom^:^ 
^^RM-r^. z(o&^^y^'iAmm(om^\z\t. ^ 

^* b^cTJ^-pT, A«x:^;m^-^a^;t«»;i<i:lci;r), 
f^J*T^^ (0 5) o ^^7^-^ ACDMJi^St« 

ii,h7C»^T^^o ^/b> ^-i'7^>rA^<g<-rsirt^> y 
if^. z^n^Q^-^mz^-Dx^ws^o^^^tm^n.^. 

20 [0 0 2 6] eicoa, ¥«^*:S<*:^0«8ffiSBi:^C0^<;^^^I 
[0 0 2 7] i^±0 2<;DllK«ycoK3i:*j£lC'::3ViTS£5^ 

x^tLti^. i&^^y^^Ammo>f^m:^&RnmgL^t^ 

[0 0 2 8] ;^*5*Siai:;^i*Hi5ViT«, 4»^mai«{c 

s«t-^3»f^««<D:^ A- u T ^-r 7 i$^-r A ^sjebTVi 

[0 0 2 9] ®6;c, ^%mo)ii^ommmx$>^mmm 
-^-i ux^^mt. mi tm\:^&^\z\tmunn^m\^^ 
Tc. :*^mmmx\t. ^mmwRt^mr^m^tisy'i 

73^'1'AS^l 2<D^^VTy^y^^ l^<D:k^-^^m 
b<bTViS. fi'^'f 7t$'-i'Affi«l KDiPm-^Si^lt 

[0 0 3 0] ZZX. ia6IC^$n:^ci»^»#:Se(D»3i 
:&S^lftBjr^. ®2 0llJS«aja:l^eUc. ^rv'Un> 
(D^»flcS#:{c, nX^y3^®2 1. p^— XS2 2, 
n^— XS2 3:fe±i;pX5»;;^l2 4 36^S35:'5 4B«| 

ii^j^^b. *y-Kmffi3 i&r;7/-Kmffi3 4R 
t;/wpy hi^<uxi$^<DAy-Kmffi3 2 jti/tfflft-y- 

UX3^0*y-H«ffi3 3^J^^Kt"S. :k\z. 
ramffi«3 5S:(ynFffl5t|>W«ffi«3 6 j^t^fc ^>;5:ViS« 
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(S) 

7 

y - Hmtt 3 4 ffl©=^^ Y U TCD^-f :7^"f ACDIjifi 1 /4 

mmmzt^. tit, iS:^'{7i!''iJxm^o>m\t, mwL 

tax. /ty->'^-'>a>IR«>JBfiES?<8:«»S;ffl3a&liU 
[0 0 3 13 *IIJS#yiCin»f, #i»ft:S«:©igffi«^^ 

[0 0 3 2] 07 tc. :ii^mo&ommm^^t. 01 
^))^mma>:s^mzfx\f^^. cut. ^ramffiis©®^ 

[0 0 3 3] Ei7»c:^snfcSIJfi«'Jco«jfi:**feSKM-r 
Jie;'f>m«««3 BRxTFm'pn^m^setmm-^ 

[0 0 3 4] *tC, H7»t^Sn>t#3l#illlO±8Bt 
S3tt5«3e;&j*£Bil«r-5. *TnX=y^'S2 1. p 
^-XJB2 2, n't-;;^B2 3*J:typX5-;/^')B2 4 

*»6;S:*4ei«jg$JgfiKf 5. -ecD^, :t7«88lc:felt 

Wi9m^n^^t\ziii), ±fiBtfwmffi«3 sRtrFSB 

tl'MSffitt 3 6 *s«)ttU;S:l'i¥*<t:SfrrtCD««©7-1' 
7 rJ' -f jies4>fflfit«« 3 5 ms-Tw^rs^wmsL 3 

6 *tgE)»-r5Jji«#S^(i:rtcD®«©7l' ^^-f A® 2« 
SeV^T, *V— H«ffi3 l&C/yy-KS 
as 4Rt;/WDu/ MJ--f UX^'0*V-Ha«3 2R 
tXSII!i1J--rU7;5'0*y— Hm«3 3€r)^^-r-5. 
St. *«#St*:0«Sffi85^i-©'<^JWjDX, 



»BB¥8- 1 1 6 0 4 7 
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[0 0 3 5] ^^mm\z^tvii, ^^^-^i'^ j^mmifi 

[0 0 3 6] BiSfi. 2^:»W&*SgU&^l':t-H©»f 

ffi«ii*^T. rr-zr, HitRUiS^j-irttig— ©?f^ 
K«ff3iic. vm^m»m6 2\i.7 /—wi&z4\z 

ffi3 5 S:^M^T±«8«ffi3B:;^h3 6lr. 

fli 3 4 ttTaf IW«««3 6 *^(-LTTSP«€i3}?;^ h 3 

y^W±-t^1iilsb\Z-^^}V-itU Ay v/^— v-a >gg4 
1 ICi 0«*>nTti*. *fEWTli. ilB+mmffiffi 3 
SRCTFIBf K«««3 6*«afc6;S:l»W34-OS»©5B± 

®7-<:7:J''rA®«l ISZ/B^-f 73'<A««1 2S 
[0 0 3 7] «Ji. 2ti:*|^*llttb&-y-'f 

m.mm^mwm.m\z'hmfmm-r:i>i,. ^la, ^^mwrn 

[0 0 3 8] 

[02] 0 1 ©|I160IJ©S^«^. 

[03] 02©g|»0g©s»6:trig. 
[04] ®2(o^m<ow&ism. 

[0 5] 02©^«»joSllig;&& 

[0 6 ] 3t:«^©«S©IIJS«T*SffiS5a!-y--f U 

[07] 3|c5!?g©S)J©Sl)!iSR 

[08 ] ^§&m^mmL1t^-i:t- H©K®«!j£. 

[:?9^(DSiQQ] 

1 l...^g7^7^'-f A^«. 1 2-B57-f ^^--YA® 
H^. 2 1 -nXSy^'S, 2 2" P';-xe. 2 3 - n 
^-xm, 2 4-PX5U/3'®. 3 1-*y-Hmffi. 
3 2 Ds; h-tJ-f 'j;^^©*y-H«a. 3 3 -111 
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[06] [|S7] 
GO 6 19 7 
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3e«»BATU:*:**>BT±:Tei#l^ «c 
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